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1
MIGRATION OF BUSINESS OBJECT DATA IN
PARALLEL WITH PRODUCTIVE BUSINESS
APPLICATION USAGE

BACKGROUND

The present disclosure relates to computer-implemented
methods, computer-program products, and systems for
migration of business object (BO) data. Upgrading an enter-
prise resource planning (ERP) system to a new software
release often requires migration of existing persistent BO
data associated with a database on the ERP system. The need
for migrating persistent BO data is common for new software
releases often due to changes in a persistency model associ-
ated with a BO instance, for example, changed field value
semantics requiring re-assignment of field values and/or new
fields or values added to the BO persistency model that must
be initialized according to application specific logic. Changes
in the BO persistency model are often due to the need to fulfill
new or changed customer requirements, system architectural
changes, and/or to react to technology changes. Other reasons
to migrate persistent BO data include refactoring of the BO
persistency model and/or changes to a BO and/or business
process model.

Migrations of BO data are typically performed during a
software upgrade downtime period where the ERP system is
taken offline while the migration of BO data is taking place.
Depending on the amount of BO data to migrate, a migration
of the BO data normally requires a considerable amount of
time and results in excessive downtime for the ERP system.
Excessive downtime impacts an organizations’ ability to pro-
vide functional business applications and/or necessary data
for use by customers. As a result, customers often forego ERP
software upgrades and/or establish strict service level agree-
ment (SLA) requirements between the organization and an
operational information technology (IT) organization. The
SL A normally mandates a maximum permitted downtime for
the IT organization to perform BO data migrations in order to
minimize the impact of BO data migrations on ERP systems’
business application and/or data usage.

Performing migrations of BO data prior to or after the
software upgrade downtime period also introduces technical
challenges. Migrating the BO data after the software upgrade
may restrict users to the use of up-to-date/migrated data that
may be limited until the migration is complete. Migrating the
BO data prior to the software upgrade may result in possible
conflicts if users change BO data to be migrated and often
necessitates data locking or multiple re-migrations of data.

SUMMARY

The present disclosure relates to computer-implemented
methods, computer-program products, and systems for
migration of business object (BO) data. One computer-imple-
mented method includes during uptime processing: generat-
ing at least one shadow database table corresponding to a new
business object (BO) persistency model, establishing change
recording for at least one database table associated with an old
BO persistency model, retrieving, as changed data and using
at least one computer, changed BO data from the at least one
database table, transforming, as transformed data, the
changed data to correspond to the new BO persistency model,
writing the transformed data to the generated at least one
shadow database table, and retrieving, as further changed
data, BO data from the at least one database table upon a
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2

determination that the BO data has changed in the at least one
database table after a prior retrieval of the BO data from the at
least one database table.

Other implementations of this aspect include correspond-
ing computer systems, apparatus, and computer programs
recorded on one or more computer storage devices, each
configured to perform the actions of the methods. A system of
one or more computers can be configured to perform particu-
lar operations or actions by virtue of having software, firm-
ware, hardware, or a combination of software, firmware, or
hardware installed on the system that in operation causes or
causes the system to perform the actions. One or more com-
puter programs can be configured to perform particular
operations or actions by virtue of including instructions that,
when executed by a data processing apparatus, cause the
apparatus to perform the actions.

The foregoing and other implementations can each option-
ally include one or more of the following features:

A first aspect, combinable with the general implementa-
tion, wherein a BO meta-model describes BO dependencies
and BO relationships to the at least one database table and
wherein each BO has a dedicated root database table contain-
ing header entries of all instances of the BO and database
tables containing BO data associated with the BO that are
dependent on the dedicated root database table.

A second aspect, combinable with any of the previous
aspects, wherein change recording logs changes to both the
dedicated root database table and the dependent database
tables.

A third aspect, combinable with any of the previous
aspects, wherein retrieving the changed data from the at least
one database table includes: deriving BO instance identifiers
from database records read from the dedicated root database
table; and reading data from each BO instance associated
with the derived BO instance identifiers from the dedicated
root database table for the BO instance and dependent data-
base tables containing BO data associated with the BO
instance.

A fourth aspect, combinable with any of the previous
aspects, wherein a particular BO instance is determined fol-
lowing a change to a row in a dependent database table fol-
lowing a change to the particular BO instance’s data where a
BO header entry for the particular BO instance in the dedi-
cated root database table remains unchanged.

A fifth aspect, combinable with any of the previous aspects,
further comprising confirming the transformed data is cor-
rectly written to the at least one shadow database table.

A sixth aspect, combinable with any of the previous
aspects, further comprising: based upon a determination that
a downtime processing is appropriate: retrieving, as final
changed data, BO data from the at least one database table that
has changed in the at least one database table after a final
non-downtime retrieval of the BO data from the at least one
database table; transforming, as final transformed data, the
final changed data to correspond to the new BO persistency
model; and writing the final transformed data to the generated
at least one shadow database table.

The subject matter described in this specification can be
implemented in particular implementations so as to realize
one or more of the following advantages. First, business
downtime is minimized for BO data migrations. Second, the
minimization of business downtime permits organizations to
perform large, previously infeasible data migrations. Third, a
minimum of BO specific implementation effort is required
which permits minimization of implementation costs, reuse,
centralized software bug fixing, and a higher coverage of code
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and minimizes risk for both the customer and an IT organi-
zation performing the BO data migration.

The details of one or more implementations of the subject
matter of this specification are set forth in the accompanying
drawings and the description below. Other features, aspects,
and advantages of the subject matter will become apparent
from the description, the drawings, and the claims.

DESCRIPTION OF DRAWINGS

FIG. 1A is a block diagram illustrating an example system
for migration of business object data.

FIG. 1B is a block diagram illustrating components of a
migration manager.

FIG. 2 is a block diagram illustrating components of a
database associated with a database server and system inter-
actions with the illustrated components.

FIG. 3 is a flow chart for uptime business object data
migration.

FIG. 4 is a flow chart for downtime business objection data
migration.

Like reference numbers and designations in the various
drawings indicate like elements.

DETAILED DESCRIPTION

This disclosure generally describes computer-imple-
mented methods, computer-program products, and systems
for migration of business object data.

FIG. 1A illustrates an example distributed computing sys-
tem 100 for migration of business object (BO) data. At a high
level, the illustrated example distributed computing system
100 includes or is communicably coupled with a migration
enterprise server (MES) 102, a production enterprise server
(PES) 120, a database server 150, and a client 140 that may
communicate using, for example, a network 130 or other
communication method. In some implementations, the MES
102, PES 120, and/or database server 150 can be limited as to
which other component of the distributed computing system
100 communication is permitted. The MES 102, PES 120,
and database server 150 may each comprise a computer oper-
able to receive, transmit, process, store, or manage data and
information associated with the example distributed comput-
ing system 100 or be implemented on a single computer or
multiple computers in various combinations.

The MES 102 is an enterprise server executing at least a
migration manager (MM) 109 (described below). At a high-
level, the MES 102 is responsible for migrating ORBA 122-
formatted BO data present in tables on the database server
150 into a new release business application (NRBA) format
for use by a NRBA (described below). Requests to migrate
BO data are typically part of a normal software upgrade
process, for example, an overall software upgrade process
when upgrading from the ORBA to the NRBA. In some
implementations, requests to migrate data can also be
received from the client 140, internal users, external or third-
party customers, other automated applications, as well as any
other appropriate entities, individuals, systems, or computers.
The MES 102 responds to the received requests by processing
the data migration requests in a MM 109 associated with the
MES 102. The MM 109 migrates the ORBA 122-formatted
BO data into the NRBA-formatted BO data. According to one
implementation, MES 102 may also include or be communi-
cably coupled with an e-mail server, a web server, a caching
server, a streaming data server, and/or other suitable server. In
other implementations, the MES 102 and related functional-
ity may be provided in a cloud-computing environment.
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The MES 102 includes an interface 104, a processor 106,
and amemory 107. The interface 104 is used by the MES 102
for communicating with other systems in the example distrib-
uted computing system 100, for example the client 140.
Although illustrated as a single interface 104 in FIG. 1, two or
more interfaces 104 may be used according to particular
needs, desires, or particular implementations of the example
distributed computing system 100. Generally, the interface
104 comprises logic encoded in software and/or hardware in
a suitable combination and operable to communicate with the
network 130. More specifically, the interface 104 may com-
prise software supporting one or more communication pro-
tocols associated with communications such that the network
130 or the interface 104 hardware is operable to communicate
physical signals within and outside of the illustrated example
distributed computing system 100.

The processor 106 is generally used by the MES 102 to
receive/respond to requests, execute instructions, and/or
manipulate data to perform operations specific to the MES
102. Specifically, the processor 106 executes the functional-
ity required to migrate BO data using the MM 109. Although
illustrated as a single processor 106 in FIG. 1, two or more
processors 106 may be used according to particular needs,
desires, or particular implementations of the example distrib-
uted computing system 100.

The memory 107 holds at least objects and/or data required
by the MES 102 to migrate BO data using the MM 109. In
some implementations, memory 107 can act as a cache and/or
storage location for source BO data associated with the
ORBA 122 and/or migrated BO data associated with the
NRBA. Although illustrated as a single memory 107 in FIG.
1, two or more memories 107 may be used according to
particular needs, desires, or particular implementations of the
example distributed computing system 100.

In some implementations, the MES 102 may include a
plurality of various migration managers 109. In other imple-
mentations, the MES 102 may be a dedicated server meant to
store and execute only a single MM 109. In still other imple-
mentations, the MES 102 can store and execute none, a single
instance, and/or a plurality of migration managers 109. In
some implementations, the MES 102 may comprise a web
server, where the MM 109 represent one or more web-based
applications accessed and executed by the client 140 using the
network 130, directly at the MES 102, and/or other compo-
nents of the example distributed computing system 100 to
perform the programmed tasks or operations of the MM 109.

The MM 109 is a service or stand-alone application that
migrates BO data from an older format supported by the
ORBA 122 into a newer format usable by the NRBA. In some
implementations, the MM 109 is triggered by the overall
software upgrade process discussed above. In some imple-
mentations, the MM 109 automatically determines that a
migration of BO data is required, while in others, the migra-
tion may be triggered by manual user actions.

Turning now to FIG. 1B, FIG. 1B is a block diagram
illustrating components of a MM 109. The MM 109 provides,
among other things, overall control/management of the BO
data migration process, handling of production BO data
requests, confirmation of data migration success, and logging
of data migration results. The migration manager (MM) 109
includes, collectively, a migration controller (MC) 109q, a
generic migration operator (GMO) 1095, and application
specific operator (ASO) 109¢. The MM 109 is implemented
in a mainly application independent/generic manner and is
largely independent of application specific knowledge apart
from necessary application specific migration knowledge
and/or logic provided by the ASO 109c.
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The MC 1094 provides, as stated above, the overall control/
management of the data migration process, including coordi-
nating other components of the MM 109, and handles con-
current production transactions running on the ORBA 122 to
provide a seamless or near-seamless handling of BO data
transactions and BO data migration. The MC 109a does not
delay any production transactions accessing the same BO
data in parallel to a migration transaction of the MM 109. The
MC 109aq also ensures any BO data which has been accessed
by a concurrent production transaction during migration will
be migrated again in order to achieve final data consistency.
The migration manager also confirms that BO data is success-
fully migrated and performs BO data migration process log-
ging functions. Exception handling is also performed by the
MC 109a. For example, the migration manager can manage
migration process restarts in the case of migration process
interruptions and/or process failures.

To migrate BO data, the GMO 1095 uses a BO meta-model
(described below) to transform BO data from an old BO
model format to a new BO model format. During BO data
migration, the GMO 1095 updates a shadow database (de-
scribed below) with the old BO data in the new BO model
format. The GMO 1095 provides knowledge and/or logic to
migrate BO data.

The ASO 109¢ provides application specific migration
knowledge and/or logic needed for migration that is not con-
tained in the BO meta-model. For example, there may be
entries in a dependent database table belonging to a particular
BO instance. If the dependency is not fully described in the
BO metamodel, the ASO 109¢ provides the logic to determine
the identifier for the BO instance the entries belong to. In
some instances, the ASO 109¢ can be provided to the MM 109
by the overall software upgrade process or a reference to the
ASO 109¢ may be provided for the MM 109 to access and
execute as needed. The ASO 109¢ generally requires little
development and/or test effort to prepare for a migration
process from an ORBA 122 to a NRBA

In some implementations, the MC 1094, GMA 1095, and/
or ASO 109¢ are implemented as ABAP class libraries or
class libraries written in other suitable computer languages.
The class libraries provide well-defined interfaces. The class
libraries are imported by the overall upgrade process into a
database, stored in specific shadow tables containing code for
anew software code release. The MES 102/MM 109 accesses
the new software release code directly from the database
using specific aliases in the shadow database schema (ex-
plained in more detail below).

The ASO 109c¢ is also capable of keeping track of BO
references necessary to migrate, if necessary, that are associ-
ated with a particular BO. For example, the migration man-
ager can migrate all BO instances associated with a particular
set of BO root node IDs read from a dedicated root or header
database table for the particular BO as BO instances and BO
root node IDs are in a 1:1 correspondence. The GMO 1094
may work in conjunction with the ASO 109¢ to provide
various tasks. For example, during each migration of a BO
instance, the identifier (root node ID) of the BO instance is
stored for each database record belonging to the BO instance
for all database tables of the old data model. This is needed to
identify BO instances which need to be re-migrated in a later
migration phase due to changes from ORBA 122 transac-
tions. Further, BO instance identifiers may be different
between the old and the new data models. For this reason, a
mapping from the old to new BO identifiers must be kept
because other BO instances which are migrated at a later point
in time may have references for BO instances which are
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already migrated. These BO references must be adapted to the
new identifiers during migration.

In addition, if a BO instance is changed, this does not
necessarily mean that all database records associated with the
BO instance are changed. For example, one value of a pur-
chase order can be changed and as a result only one row in one
dependent database table is updated while the purchase order
BO’s header entry in the root database table remains
unchanged. From the database triggers, only the key of the
changed row in the dependent database table is known and
retrieved by the MC 109a. The GMO 10954 and/or ASO 109¢
determines the BO root node ID that the row in the dependent
database table belongs to.

Logic is also provided to determine the need for re-migra-
tion between database tables and corresponding shadow data-
base tables. For example, the MC 1094 can determine BO
instances which need to be re-migrated in one or more later
migration phases due to data changes by parallel operating
business applications, for example the ORBA 122.

The ASO 109¢ may also define a minimal required BO
specific logic which cannot be implemented centrally using
corresponding interfaces. For example, given code values of
“High,” “Medium,” and “Low” and that an order date shall be
derived in the NRBA in a BO instance new field “Required
Response Time” with the values “Very Fast,” “Fast,” and
“Normal”, the mapping between old and new BO instance
fields could be modeled, but is typically just coded. For
example, the code could resemble “if ((priority="High”) and
((order_date+2 weeks)<=today)), then
required_response_time="Fast.”

Although illustrated in FIGS. 1 and 2 as a single MM 109,
two or more MMs 109 may be used according to particular
needs, desires, or particular implementations of example dis-
tributed computing system 100. For example, a MM 109 may
execute on the MES 102 and either the PES 120 and/or the
database server 150. The MM 109 can be any application,
program, module, process, or other software that may provide
methods and a graphical user interface to evaluate, transform,
create, store, delete, and/or other suitable operation required
to migrate BO data from a source format into a target format.
In some implementations, a particular MM 109 can operate in
response to and in connection with at least one request
received from a client 140 application, an associated NRBA,
and/or an ORBA 122. Additionally, a particular MM 109 may
operate in response to and in connection with at least one
request received from other NRBAs and/or MMs 109, includ-
ing NRBAs and/or MMs 109 associated with another MES
102. In some implementations, each MM 109 can represent a
web-based application accessed and executed by remote cli-
ents 140 using the network 130 (e.g., through the Internet, or
using at least one cloud-based service associated with the
MM 109). For example, a portion of a particular MM 109 may
be a web service associated with a MM 109 that is remotely
called, while another portion of the particular MM 109 may
be an interface object or agent bundled for processing at a
remote client 140. Moreover, any or all of a particular MM
109 may be a child or sub-module of another software module
or enterprise application (not illustrated) without departing
from the scope of this disclosure. Still further, portions of the
particular MM 109 may be executed or accessed by a user
working directly at the MES 102, as well as remotely at a
corresponding client 140, PES 100, and/or database server
150.

Returning now to FIG. 1, the PES 120 is an enterprise
server executing the above-mentioned ORBA 122 and NRBA
123 following migration of data from an older format sup-
ported by the ORBA 122 into a newer format usable by the
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NRBA 123. The NRBA 123 represents an updated version/
software release of the ORBA 122 and may communicate
with at least a database operating on the database server 150.
The PES operates in a production environment in a productive
role. For example, the ORBA 122 is in productive use by
customers and must remain executing until the customers
switch application usage to the NRBA 123 and/or cease use of
the ORBA 122. In some implementations, the PES 120,
ORBA 122, and/or associated ORBA 122 BO data on data-
base server 150 can have a service level agreements (SLA) in
place to ensure the continuous operation of the ORBA 122
and/or availability of the associated ORBA 122 BO data.

The PES 120 includes an interface, a processor, and a
memory (not illustrated) each similar to the above-mentioned
interface 104, processor 106, and memory 107, respectively,
of the MES 102 and may each be used to perform functions
specific to the PES 120. The interface may be used for com-
municating with other computing systems in the example
distributed computing environment 100 using the network
130. The processor specifically executes instructions and
manipulates data to perform the operations for the PES 120,
including the functionality required to send/receive requests/
responses to/from the MES 102, database server 150, and/or
client 140. The memory stores objects and/or data necessary
for the operation of the PES 120 and to interface with and/or
manage the ORBA 122 and/or NRBA 123.

The client 140 may be any computing device operable to
receive, transmit, process and/or store any appropriate data,
connect to, and/or communicate with the MES 102 and/or
PES 120 using the network 130. In some implementations,
the client 140 can communicate with other components of the
example distributed computing system 100. While the illus-
trated example distributed computing system 100 includes
one client 140 communicably coupled to the network 130,
alternative implementations of the example distributed com-
puting system 100 may include any number of clients 140
suitable to the purposes of the example distributed computing
system 100. The illustrated client 140 is intended to encom-
pass any computing device such as a desktop computer, lap-
top/notebook computer, wireless data port, smart phone, per-
sonal data assistant (PDA), tablet computing device, one or
more processors within these devices, or any other suitable
processing device. For example, the client 140 may comprise
a computer that includes an input device, such as a keypad,
touch screen, or other device that can accept user information,
and an output device, such as a graphical user interface (GUI)
that conveys information associated with the operation of one
or more components of the example distributed computing
environment, including the client 140 itself. The GUI may
provide an interface with the client 140 and/or one or more
components of the example distributed computing system
100, for example the MES 102 and/or PES 120, and provide
users with an efficient and user-friendly presentation of data
provided by or communicated within the example distributed
computing system 100.

The illustrated client 140 further includes one or more
client applications (not illustrated). A particular client appli-
cation may be any type of software application, for example
a web browser, that allows the client 140 to request, view,
and/or manage content on the client 140. In some implemen-
tations, the client-application can use content, parameters,
metadata, and other information received from the MES 102
and/or the PES 120. Once a particular client application is
launched, a user may interactively process a task, event, or
other information associated with the MES 102 and/or the
PES 120. Further, although illustrated as a single client appli-
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cation, the client application may be implemented as multiple
client applications in the client 140.

The illustrated client 140 further includes an interface, a
processor, and a memory (each not illustrated). The interface
may be consistent with or different from the above-mentioned
interface 104 of the MES 102 and may be used by the client
140 for communicating with other computing systems in the
example distributed computing environment 100 using the
network 130. The processor may be consistent with or differ-
ent from the above-described processor 106 of the MES 102
and specifically executes instructions and manipulates data to
perform the operations for the client 140, including the func-
tionality required to send/receive requests/responses to/from
the MES 102, PES 120 and/or other components of the
example distributed computing system 100. The memory
may be consistent with or different from one or more of the
above-described memories of the MES 102 but storing
objects and/or data associated with the purposes of the client
140.

The database server 150 contains at least one database 152.
The database server 150 may include an interface, a proces-
sor, and a memory (not illustrated), each consistent with or
different from the above-mentioned interface 104, processor
106, and memory 107, respectively, of the MES 102. Each of
the interface, processor, and memory may be used by the
database server 150 to perform functions specific to the data-
base server 150. The interface may be used for communicat-
ing with other computing systems in the example distributed
computing environment 100 using the network 130. The pro-
cessor specifically executes instructions and manipulates data
to perform the operations for the database server 150, includ-
ing the functionality required to send/receive requests/re-
sponses to/from the MES 102, PES 120, and/or client 140.
The memory stores objects and/or data necessary for the
operation of the database server 150 and to interface with
and/or manage the database 152.

The database 152 may be a conventional database and/or
an in-memory database relying on non-volatile magnetic,
optical, removable, or other suitable non-electronic memory
(in the case of a conventional database) or volatile electronic
memory (in the case of an in-memory database), for storage,
retrieval, and processing of data. The database 152 includes
one or more database tables including system data, BOs, BO
data, and/or BO metadata. System data is metadata, for
example describing a BO structure. Another example is soft-
ware of both the ORBA and the NRBA residing on example
database tables Dn and corresponding shadow database table
~Dn, respectively. BO data may be business data, for example
sales order #487 for a customer MyPC, Inc. associated with
the purchase of two computers. The database server 150 also
includes aliases to refer to specific database tables in the
database 152.

ABO can be considered a representation of an intelligible
business/non-business entity, such as an account, an order,
employee, customer, an invoice, a sales order, a financial
report, etc. and may encompass both functions, for example
in the form of methods, and BO data, such as one or more
properties. For example, a function may include instantiate,
delete, clear, etc. A property may include customer 1D, date,
time, shipping address, billing address, phone number, email
address, primary contact, etc. BOs may reduce system com-
plexity by reducing a system into smaller units. The imple-
mentation details of BOs are typically hidden from a non-
development user and may be accessed through the defined
functions and encapsulated data. BOs can contain both master
data and/or transaction data. Master data is information that
may be reused across multiple systems, application, and/or
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processes, such as data about customers, product, employees,
materials, suppliers, etc. In contrast, transaction data is infor-
mation that describes a particular business transaction, such
as a sales order, invoice, payment, activity record, travel
records, etc.

Turning now to FIG. 2, FIG. 2 is a block diagram illustrat-
ing components of a database 152 associated with a database
server 150 and system interactions with the illustrated com-
ponents. Interacting system components include the MES
102 and associated NRBA 123 and MM 109 and the PES 120
with associated ORBA 122.

Database 152 includes database tables 154a (“D1”) and
15456 (“~D1”). Here, database table ~D1 is “shadowing” old
database table D1. For the purposes of this disclosure, “shad-
owing” an old database table means the use of another data-
base table, a “shadow” database table, for example database
table ~D1, that is written to and/or read from and contains the
same BOs, BO data, etc. (hereinafter “BO data™), in whole or
in part, as that contained on the old database table, for
example database table D1. While the old database table D1
data format is compliant with the BO data format require-
ments of the ORBA 122, the shadow database table ~D1 data
format is compliant with the BO data format requirements of
the NRBA 123 for which the BO data is being migrated.

The shadow database table ~D1 and/or the database table
D1 contains a history, for example a log table within database
152, in whole or in part, of modifications and/or operations
performed on the each table related to the shadowing func-
tion. In some implementations, the use of a log table provides
transactional consistency and the ability to recover in case of
failures, for example a disk failure. In some implementations,
the MM 109, logs all changes (inserts, updates, and/or
deletes) at least on the old database tables into a specific
logging table (not illustrated). In other implementations, the
database 152 can perform the logging functions using data-
base triggers created by the overall upgrade process. These
changes result from user interactions with the old database
tables due to the fact that the old database tables are in pro-
ductive use. Not only are committed changes to the database
logged, but also rolled back changes to the database. This is
necessary because the migration manager could read and
migrate temporarily changed “dirty” records which would
need to be corrected at a later time in the data migration.

The database 152 also contains one or more database
aliases 156 created by the overall upgrade process, for
example database aliases 156a (“AD1_OLD”) and 1565
(“AD1_NEW?”). A database alias is a referential data structure
providing an alternate name that refers to a particular local
database table, sequence, other database schema object in
order to provide access to the particular database’s database
tables without having direct access to and/or having to make
direct calls to the particular database. Aliases are also used to
simplify access to database objects owned by other users. In
some implementations, database aliases are stored within a
system database directory or other suitable location. For
example, database alias AD1_OLD refers to the database
table D1 and database alias AD1_NEW refers to the shadow
database table ~D1. In some implementations, different data-
bases can be used can be used for the old BO data and for the
newly formatted BO data. In other words, data may be copied
and migrated from an old format on the source database to a
new format on a target database.

Database aliases 156 are part of the database 152. In some
implementations, database tables 154 and aliases 156 are
located in different schemata of the same database. In some
implementations, PES 120/ORBA 122 and MES 102/MM
109 connect as different DB users to different schemata of the
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database 152. For example, PES 120/0ORBA 122 connects to
a “production” database schema as a production database
user. The production database schema is permanent and exists
prior to the start of the overall upgrade process and will
continue to exist after the overall upgrade process is com-
pleted. The production database schema contains at least all
the database tables 154.

The MES 102/MM 109 can read and write database data,
but is not able to access any APIs, such as local proxy APIs
and remote function/method calls, web services, and the like,
in the old system. In contrast, the ORBA 122 does not have
these restrictions. To clarify, the MM 109 provides the created
database aliases to all components of the MM 109 because the
MES 102/MM 109 is restricted to accessing database tables
by using database aliases. In some implementations, database
aliases 156 are provided to the NRBA 109 using an API (not
illustrated) provided by the MM 109. For example, as shown
in the illustrated example, the PES 120/ORBA 122 is shown
with a direct access connection 202 to the database 152 and
associated database tables of its “production” schemata. In
contrast, the MES 102/MM 109 is capable of only accessing
database 152 database tables using a connection 204 through
the one or more database aliases 156 in a different database
152 schema.

Shadow database tables are created for both read/write
access to allow migration of BO data. For example, the MM
109 collectively may read from and/or write data to the
shadow database table ~D1 using the database alias 1565
(“AD1_NEW?”). Connection 1555 indicates a read/write con-
nection. However, database alias AD1_OLD may be used to
only read BO data to be migrated from database table D1.
Connection 1554 indicates a read-only connection. In some
implementations, it is possible that an old database table, for
example database table 154¢ (“D2”) is replaced completely
by shadow database table 1545 (“~D3”). This may happen if
a new BO structure is different enough from the original BO
structure that reusing the same database table leads to unnec-
essary effort during the development phase of the new BO
structure. In this case, database table D2 does not have an
associated shadow database table and the shadow database
table ~D3 does not have an associated old database table.
Here, database alias 156¢ (“AD2_OLD”) may be used for
read-only access to database table D2 and database alias 1564
(“AD3_NEW”) may be used for read/write access to shadow
database table ~D3. In still other implementations, an old
database table, for example Dx, can be replaced by multiple
new database tables, for example Dy1, Dy2, and Dy3. As will
be appreciated by those skilled in the art, there are, without
departing from the scope of this disclosure, various methods
of'using database aliases to refer to both the old database table
and the multiple new database tables in accordance with
particular needs, desires, or particular implementations of the
example distributed computing system 100.

The database 152 also contains the BO meta-model
(BOMM) 153. The BOMM 153 contains meta-data describ-
ing each BO, including data types, data structures, and ana-
Iytical objects. For example, the BOMM 153 describes the
structure and BO attributes of a sales order BO. The BOMM
153 is located in database tables of database 152 and is
accessed by the MM 109 using aliases (not illustrated).

Turning now to FIG. 3, FIG. 3 is a flow chart 300 for uptime
BO data migration. In some implementations, a majority of
the BO data migration occurs during uptime execution of the
ORBA. For clarity of presentation, the description that fol-
lows generally describes method 300 in the context of FIGS.
1A, 1B, and 2. However, it will be understood that method
300 may be performed, for example, by any other suitable
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system, environment, software, and hardware, or a combina-
tion of systems, environments, software, and hardware as
appropriate.

At 302, a shadow database table is generated by the overall
upgrade process for a NRBA BO persistency model. The
shadow database table corresponds to a database table asso-
ciated with an ORBA BO persistency model. For example, as
shown in FIG. 2, shadow database table ~D1 is generated for
the NRBA and corresponds to database table D1 associated
with the ORBA. From 302, method 300 proceeds to 304.

At 304, change recording is established by the overall
upgrade process through the generation of database triggers
to indicate used database tables of the ORBA BO persistency
model. For example, database table D1 shown in FIG. 2
would have change recording established to track any
changes to database table D1 from a specific point in time.
This is necessary to ensure proper uptime migration of BO
data and, if necessary, subsequent downtime migration opera-
tions. From 304, method 300 proceeds to 306.

At 306, changed BO data is retrieved by the MC, GMO,
and/or the ASO from the old BO persistency model database
tables. User changes to BO data on either aroot database table
or dependent database tables are logged generically by the
migration manager on a database level. This is possible
because the BO meta-model describes BO dependencies and
BO relationships to database tables. Each BO has a dedicated
“root” database table containing the header entries of all
instances of the BO. Given a particular root database table,
database records are read by the MC package-wise from the
root database table, rootNodeIDs (BO instance identifiers)
are derived by the GMO and/or ASO from the read database
records, and all data of the BO instances associated with the
derived BO instance identifiers are read by the GMO and/or
ASO from the root database table and all dependent tables
containing data of the BO. A particular BO instance can be
determined from changes indicated on a dependent database
table. This determination allows the migration/remigration of
the entire BO instance. From 306, method 300 proceeds to
308.

At 308, retrieved BO data in the old BO persistency model
format is transformed by the GMO and/or the ASO to corre-
spond to a new BO persistency model format. From 308,
method 300 proceeds to 310.

At 310, transformed BO data is written by the GMO to
created shadow database tables containing BOs and associ-
ated BO data corresponding to the new BO persistency
model. In some implementations, the transformed BO data is
written to the shadow database tables using database aliases.
From 310, method 300 proceeds to 312.

At 312, the transformed BO data is confirmed as being
correctly written to the shadow database tables. In some
implementations, the MC logs the confirmation. Note that
306-312 are processed package-wise, and if the number of
records to be processed exceeds the package size, the pro-
cessing may be executed in a loop during uptime until the MC
determines that the uptime BO data migration is complete.
From 312, method 300 proceeds to 314.

At 314, a determination is made whether downtime pro-
cessing is appropriate. Typically, downtime would be sched-
uled by administrators in charge of the overall upgrade pro-
cess. In some implementations, downtime can be determined
automatically, for example by the MM at a pre-determined
time, according to a data milestone, flag, and/or other suitable
indicator. Ifat 314, it is determined that downtime processing
is appropriate, method 300 proceeds to FIG. 4 for downtime
processing. If at 314, however, it is determined that downtime
processing is not appropriate, method 300 proceeds to 316.
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At 316, a determination is made by the MC as to whether
BO data has changed in the old BO persistency model data-
base tables. If at 316, it is determined that BO data has not
changed in the old BO persistency model database tables,
method 300 proceeds to 314. If at 316, however, it is deter-
mined that BO data has changed in the old BO persistency
model database tables, method 300 proceeds to 318.

At 318, the changed BO data from the old BO persistency
model database tables is read by the MC, GMO, and/or ASO.
Here the MC determines changed records in any database
tables containing BO data. If the GMO and/or ASO have not
provided BO instance identifiers at a previous migration step,
they are provided here. The GMO and/or ASO then read
complete BO instance data for the determined BO instance
identifiers. From 318, method 300 proceeds to 308.

Turning now to FIG. 4, FIG. 4 is a flow chart 400 for
downtime BO data migration. In some implementations, a
minority of the BO data migration occurs during downtime of
the ORBA and/or NRBA. Migration of BO data during down-
time can generally be called a delta migration, or in other
words, BO data modified following an initial migration(s)
during uptime. Generally, in downtime, the delta migration of
BO data is relatively smaller than BO data migration during
uptime processing. For clarity of presentation, the description
that follows generally describes method 400 in the context of
FIGS. 1A, 1B, 2, and 3. However, it will be understood that
method 400 may be performed, for example, by any other
suitable system, environment, software, and hardware, or a
combination of systems, environments, software, and hard-
ware as appropriate.

At 402, the ORBA and associated BO data is configured to
be in “downtime” by the overall upgrade process. In other
words the ORBA is shut down from a productive standpoint
and cannot be used by users. From 402, method 400 proceeds
to 404.

At 404, changed BO data is retrieved where the BO data
has changed following the last uptime incremental migration
to the shadow database tables. The changed BO data from the
old BO persistency model database tables is read by the MC,
GMO, and/or ASO. Here the MC determines changed records
in any database tables containing BO data. If the GMO and/or
ASO have not provided BO instance identifiers at a previous
migration step, they are provided here. The GMO and/or ASO
then read complete BO instance data for the determined BO
instance identifiers. From 404, method 400 proceeds to 406.

At 406, retrieved BO data in the old BO persistency model
format is transformed by the GMO and/or the ASO to corre-
spond to a new BO persistency model format. From 406,
method 400 proceeds to 408.

At 408, the transformed BO data is written by the GMO to
the shadow database tables created during uptime BO data
migration. From 408, method 400 proceeds to 410.

At 410, transformed BO data is logged by the MC as being
correctly written to the created shadow database tables. Note
that 404-410 are processed package-wise, and if the number
of records to be processed exceeds the package size, the
processing may be executed in a loop until the migration
manager determines that all appropriate database records
have been retrieved. From 410, method 400 proceeds to 412.

At 412, database tables of the old BO persistency model are
disassociated by the overall upgrade process from access by
the ORBA. In some implementations, disassociation includes
renaming, deletion of the table and/or contents, deletion/
redirection/renaming of any alias referring to the old database
table, encryption, physical removal, or other suitable actions
to prevent access to the old database table. From 412, method
400 proceeds to 414.
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At 414, shadow database tables are renamed by the overall
upgrade process to the corresponding database table names of
the new BO persistency model to permit access by the NRBA
using standard sequential query language (SQL) statements.
From 414, method 400 proceeds to 416.

At 416, the NRBA is started on the PES and accesses the
migrated BO data on the renamed shadow tables. Users are
then permitted to log into the system and all user requests are
directed to the NRBA which accesses the renamed shadow
tables. After 416, method 400 stops.

Implementations of the subject matter and the functional
operations described in this specification can be implemented
in digital electronic circuitry, in tangibly-embodied computer
software or firmware, in computer hardware, including the
structures disclosed in this specification and their structural
equivalents, or in combinations of one or more of them.
Implementations of the subject matter described in this speci-
fication can be implemented as one or more computer pro-
grams, i.e., one or more modules of computer program
instructions encoded on a tangible, non-transitory computer-
storage medium for execution by, or to control the operation
of, data processing apparatus. Alternatively or in addition, the
program instructions can be encoded on an artificially-gen-
erated propagated signal, e.g., a machine-generated electri-
cal, optical, or electromagnetic signal that is generated to
encode information for transmission to suitable receiver
apparatus for execution by a data processing apparatus. The
computer-storage medium can be a machine-readable storage
device, a machine-readable storage substrate, a random or
serial access memory device, or a combination of one or more
of them.

The term “data processing apparatus” refers to data pro-
cessing hardware and encompasses all kinds of apparatus,
devices, and machines for processing data, including by way
of example a programmable processor, a computer, or mul-
tiple processors or computers. The apparatus can also be or
further include special purpose logic circuitry, e.g., a central
processing unit (CPU), a FPGA (field programmable gate
array), or an ASIC (application-specific integrated circuit). In
some implementations, the data processing apparatus and/or
special purpose logic circuitry may be hardware-based and/or
software-based. The apparatus can optionally include code
that creates an execution environment for computer pro-
grams, e.g., code that constitutes processor firmware, a pro-
tocol stack, a database management system, an operating
system, or a combination of one or more of them. The present
disclosure contemplates the use of data processing appara-
tuses with or without conventional operating systems, for
example LINUX, UNIX, WINDOWS, MAC OS,
ANDROID, IOS or any other suitable conventional operating
system.

A computer program, which may also be referred to or
described as a program, software, a software application, a
module, a software module, a script, or code, can be written in
any form of programming language, including compiled or
interpreted languages, or declarative or procedural lan-
guages, and it can be deployed in any form, including as a
stand-alone program or as a module, component, subroutine,
or other unit suitable for use in a computing environment. A
computer program may, but need not, correspond to a filein a
file system. A program can be stored in a portion of a file that
holds other programs or data, e.g., one or more scripts stored
in a markup language document, in a single file dedicated to
the program in question, or in multiple coordinated files, e.g.,
files that store one or more modules, sub-programs, or por-
tions of code. A computer program can be deployed to be
executed on one computer or on multiple computers that are
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located at one site or distributed across multiple sites and
interconnected by a communication network. While portions
of'the programs illustrated in the various figures are shown as
individual modules that implement the various features and
functionality through various objects, methods, or other pro-
cesses, the programs may instead include a number of sub-
modules, third party services, components, libraries, and
such, as appropriate. Conversely, the features and function-
ality of various components can be combined into single
components as appropriate.

The processes and logic flows described in this specifica-
tion can be performed by one or more programmable com-
puters executing one or more computer programs to perform
functions by operating on input data and generating output.
The processes and logic flows can also be performed by, and
apparatus can also be implemented as, special purpose logic
circuitry, e.g., a CPU, a FPGA, or an ASIC.

Computers suitable for the execution of a computer pro-
gram include, by way of example, can be based on general or
special purpose microprocessors or both, or any other kind of
CPU. Generally, a CPU will receive instructions and data
from a read-only memory (ROM) or a random access
memory (RAM) or both. The essential elements of a com-
puter are a CPU for performing or executing instructions and
one or more memory devices for storing instructions and data.
Generally, a computer will also include, or be operatively
coupled to receive data from or transfer data to, or both, one
or more mass storage devices for storing data, e.g., magnetic,
magneto-optical disks, or optical disks. However, a computer
need not have such devices. Moreover, a computer can be
embedded in another device, e.g., a mobile telephone, a per-
sonal digital assistant (PDA), a mobile audio or video player,
a game console, a global positioning system (GPS) receiver,
or a portable storage device, e.g., a universal serial bus (USB)
flash drive, to name just a few.

Computer-readable media (transitory or non-transitory, as
appropriate) suitable for storing computer program instruc-
tions and data include all forms of non-volatile memory,
media and memory devices, including by way of example
semiconductor memory devices, e.g., erasable programmable
read-only memory (EPROM), electrically-erasable program-
mable read-only memory (EEPROM), and flash memory
devices; magnetic disks, e.g., internal hard disks or remov-
able disks; magneto-optical disks; and CD-ROM, DVD+/-R,
DVD-RAM, and DVD-ROM disks. The memory may store
various objects or data, including caches, classes, frame-
works, applications, backup data, jobs, web pages, web page
templates, database tables, repositories storing business and/
or dynamic information, and any other appropriate informa-
tion including any parameters, variables, algorithms, instruc-
tions, rules, constraints, or references thereto. Additionally,
the memory may include any other appropriate data, such as
logs, policies, security or access data, reporting files, as well
as others. The processor and the memory can be supple-
mented by, or incorporated in, special purpose logic circuitry.

To provide for interaction with a user, implementations of
the subject matter described in this specification can be
implemented on a computer having a display device, e.g., a
CRT (cathode ray tube), LCD (liquid crystal display), or
plasma monitor, for displaying information to the user and a
keyboard and a pointing device, e.g., a mouse, trackball, or
trackpad by which the user can provide input to the computer.
Input may also be provided to the computer using a touch-
screen, such as a tablet computer surface with pressure sen-
sitivity, a multi-touch screen using capacitive or electric sens-
ing, or other type of touchscreen. Other kinds of devices can
be used to provide for interaction with a user as well; for
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example, feedback provided to the user can be any form of
sensory feedback, e.g., visual feedback, auditory feedback, or
tactile feedback; and input from the user can be received in
any form, including acoustic, speech, or tactile input. In addi-
tion, a computer can interact with a user by sending docu-
ments to and receiving documents from a device that is used
by the user; for example, by sending web pages to a web
browser on a user’s client device in response to requests
received from the web browser.

The term “graphical user interface,” or GUI, may be used in
the singular or the plural to describe one or more graphical
user interfaces and each of the displays of a particular graphi-
cal user interface. Therefore, a GUI may represent any
graphical user interface, including but not limited to, a web
browser, a touch screen, or a command line interface (CLI)
that processes information and efficiently presents the infor-
mation results to the user. In general, a GUI may include a
plurality of user interface (UI) elements, some or all associ-
ated with a web browser, such as interactive fields, pull-down
lists, and buttons operable by the business suite user. These
and other Ul elements may be related to or represent the
functions of the web browser.

Implementations of the subject matter described in this
specification can be implemented in a computing system that
includes a back-end component, e.g., as a data server, or that
includes a middleware component, e.g., an application server,
or that includes a front-end component, e.g., a client com-
puter having a graphical user interface or a Web browser
through which a user can interact with an implementation of
the subject matter described in this specification, or any com-
bination of one or more such back-end, middleware, or front-
end components. The components of the system can be inter-
connected by any form or medium of wireline and/or wireless
digital data communication, e.g., a communication network.
Examples of communication networks include a local area
network (LAN), a radio access network (RAN), a metropoli-
tan area network (MAN), a wide area network (WAN),
Worldwide Interoperability for Microwave Access
(WIMAX), a wireless local area network (WLAN) using, for
example, 802.11a/b/g/n and/or 802.20, all or a portion of the
Internet, and/or any other communication system or systems
at one or more locations. The network may communicate
with, for example, Internet Protocol (IP) packets, Frame
Relay frames, Asynchronous Transfer Mode (ATM) cells,
voice, video, data, and/or other suitable information between
network addresses.

The computing system can include clients and servers. A
client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other.

In some implementations, any or all of the components of
the computing system, both hardware and/or software, may
interface with each other and/or the interface using an appli-
cation programming interface (API) and/or a service layer.
The API may include specifications for routines, data struc-
tures, and object classes. The API may be either computer
language independent or dependent and refer to a complete
interface, a single function, or even a set of APIs. The service
layer provides software services to the computing system.
The functionality of the various components of the computing
system may be accessible for all service consumers via this
service layer. Software services provide reusable, defined
business functionalities through a defined interface. For
example, the interface may be software written in JAVA, C++,
or other suitable language providing data in extensible
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markup language (XML) format or other suitable format. The
API and/or service layer may be an integral and/or a stand-
alone component in relation to other components of the com-
puting system. Moreover, any or all parts of the service layer
may be implemented as child or sub-modules of another
software module, enterprise application, or hardware module
without departing from the scope of this disclosure.

While this specification contains many specific implemen-
tation details, these should not be construed as limitations on
the scope of any invention or on the scope of what may be
claimed, but rather as descriptions of features that may be
specific to particular implementations of particular inven-
tions. Certain features that are described in this specification
in the context of separate implementations can also be imple-
mented in combination in a single implementation. Con-
versely, various features that are described in the context of a
single implementation can also be implemented in multiple
implementations separately or in any suitable sub-combina-
tion. Moreover, although features may be described above as
acting in certain combinations and even initially claimed as
such, one or more features from a claimed combination can in
some cases be excised from the combination, and the claimed
combination may be directed to a sub-combination or varia-
tion of a sub-combination.

Similarly, while operations are depicted in the drawings in
a particular order, this should not be understood as requiring
that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations
be performed, to achieve desirable results. In certain circum-
stances, multitasking and parallel processing may be advan-
tageous. Moreover, the separation and/or integration of vari-
ous system modules and components in the implementations
described above should not be understood as requiring such
separation and/or integration in all implementations, and it
should be understood that the described program components
and systems can generally be integrated together in a single
software product or packaged into multiple software prod-
ucts.

Particular implementations of the subject matter have been
described. Other implementations, alterations, and permuta-
tions of the described implementations are within the scope of
the following claims as will be apparent to those skilled in the
art. For example, the actions recited in the claims can be
performed in a different order and still achieve desirable
results.

Accordingly, the above description of example implemen-
tations does not define or constrain this disclosure. Other
changes, substitutions, and alterations are also possible with-
out departing from the spirit and scope of this disclosure.

What is claimed is:

1. A computer-implemented method, comprising:

during uptime processing:

generating at least one shadow database table correspond-
ing to a new business object (BO) persistency model;

establishing change recording for at least one database
table associated with an old BO persistency model,
wherein a BO meta-model describes BO dependencies
and BO relationships to the at least one database table
and wherein each BO has a dedicated root database table
containing header entries of all instances of the BO and
database tables containing BO data associated with the
BO that are dependent on the dedicated root database
table, allowing user changes to the BO data on either the
dedicated root database table or the dependent database
tables being logged generically on a database level;

retrieving, as changed data and using at least one computer,
changed BO data from the at least one database table;

transforming, as transformed data, the changed data to
correspond to the new BO persistency model;
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writing the transformed data to the generated at least one

shadow database table; and
retrieving, as further changed data during a final uptime
retrieval of the BO data, BO data from the at least one
database table upon a determination that the BO datahas
changed in the at least one database table after a prior
retrieval of the BO data from the at least one database
table.
2. The method of claim 1, wherein change recording logs
changes to both the dedicated root database table and the
dependent database tables.
3. The method of claim 1, wherein retrieving the changed
data from the at least one database table includes:
deriving BO instance identifiers from database records
read from the dedicated root database table; and

reading data from each BO instance associated with the
derived BO instance identifiers from the dedicated root
database table for the BO instance and dependent data-
base tables containing BO data associated with the BO
instance.

4. The method of claim 3, wherein a particular BO instance
is determined following a change to a row in a dependent
database table following a change to the particular BO
instance’s data where a BO header entry for the particular BO
instance in the dedicated root database table remains
unchanged.

5. The method of claim 1, further comprising confirming
the transformed data is correctly written to the at least one
shadow database table.

6. The method of claim 1, further comprising:

based upon a determination that a downtime processing is

appropriate:

retrieving, as final changed data, BO data from the at least

one database table that has changed in the at least one
database table after the final uptime retrieval of the BO
data from the at least one database table;

transforming, as final transformed data, the final changed

datato correspond to the new BO persistency model; and
writing the final transformed data to the generated at least
one shadow database table.
7. A non-transitory, computer-readable medium storing
computer-readable instructions executable by a data process-
ing apparatus to:
during uptime processing:
generate at least one shadow database table corresponding
to a new business object (BO) persistency model;

establish change recording for at least one database table
associated with an old BO persistency model, wherein a
BO meta-model describes BO dependencies and BO
relationships to the at least one database table and
wherein each BO has a dedicated root database table
containing header entries of all instances of the BO and
database tables containing BO data associated with the
BO that are dependent on the dedicated root database
table, allowing user changes to the BO data on either the
dedicated root database table or the dependent database
tables being logged generically on a database level;

retrieve, as changed data, using at least one computer,
changed BO data from the at least one database table;

transform, as transformed data, the changed data to corre-
spond to the new BO persistency model;

write the transformed data to the generated at least one

shadow database table; and

retrieve, as further changed data during a final uptime

retrieval of the BO data, BO data from the at least one
database table upon a determination that the BO datahas
changed in the at least one database table after a prior
retrieval of the BO data from the at least one database
table.
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8. The medium of claim 7, wherein change recording logs
changes to both the dedicated root database table and the
dependent database tables.
9. The medium of claim 7, wherein retrieving the changed
data from the at least one database table includes:
deriving BO instance identifiers from database records
read from the dedicated root database table; and

reading data from each BO instance associated with the
derived BO instance identifiers from the dedicated root
database table for the BO instance and dependent data-
base tables containing BO data associated with the BO
instance.

10. The medium of claim 9, wherein a particular BO
instance is determined following a change to a row in a
dependent database table following a change to the particular
BO instance’s data where a BO header entry for the particular
BO instance in the dedicated root database table remains
unchanged.

11. The medium of claim 7, further comprising instructions
to confirm the transformed data is correctly written to the at
least one shadow database table.

12. The medium of claim 7, further comprising instructions
to:

based upon a determination that a downtime processing is

appropriate:

retrieve, as final changed data, BO data from the at least one

database table that has changed in the at least one data-
base table after the final uptime retrieval of the BO data
from the at least one database table;

transform, as final transformed data, the final changed data

to correspond to the new BO persistency model; and
write the final transformed data to the generated at least one
shadow database table.

13. A system, comprising:

at least one data processing apparatus configured, during

uptime processing, to:
generate at least one shadow database table corresponding
to a new business object (BO) persistency model;

establish change recording for at least one database table
associated with an old BO persistency model, wherein a
BO meta-model describes BO dependencies and BO
relationships to the at least one database table and
wherein each BO has a dedicated root database table
containing header entries of all instances of the BO and
database tables containing BO data associated with the
BO that are dependent on the dedicated root database
table, allowing user changes to the BO data on either the
dedicated root database table or the dependent database
tables being logged generically on a database level;

retrieve, as changed data, using at least one computer,
changed BO data from the at least one database table;

transform, as transformed data, the changed data to corre-
spond to the new BO persistency model;

write the transformed data to the generated at least one

shadow database table; and

retrieve, as further changed data during a final uptime

retrieval of the BO data, BO data from the at least one
database table upon a determination that the BO data has
changed in the at least one database table after a prior
retrieval of the BO data from the at least one database
table.

14. The system of claim 13, wherein change recording logs
changes to both the dedicated root database table and the
dependent database tables.

15. The system of claim 13, wherein retrieving the changed
data from the at least one database table includes:

deriving BO instance identifiers from database records

read from the dedicated root database table; and
reading data from each BO instance associated with the
derived BO instance identifiers from the dedicated root
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database table for the BO instance and dependent data-
base tables containing BO data associated with the BO
instance.

16. The system of claim 15, wherein a particular BO
instance is determined following a change to a row in a
dependent database table following a change to the particular
BO instance’s data where a BO header entry for the particular
BO instance in the dedicated root database table remains
unchanged.

17. The system of claim 13, further configured to confirm
the transformed data is correctly written to the at least one
shadow database table.

18. The system of claim 13, further configured to:

based upon a determination that a downtime processing is

appropriate:

retrieve, as final changed data, BO data from the at least one

database table that has changed in the at least one data-
base table after the final uptime retrieval of the BO data
from the at least one database table;

transform, as final transformed data, the final changed data

to correspond to the new BO persistency model; and
write the final transformed data to the generated at least one
shadow database table.
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